The mobility sector including all kinds of transportation systems are facing global challenges in respect of green environmental issues. There has been a paradigm shift in the concept of design and manufacturing of automotive vehicles keeping in mind the scarcity of fossil fuel and the impact of emission on environment due to burning of it. The addition of hybrid and electric vehicles in passenger car segment has got significant momentum to address the global challenges. This research investigates the performance of a group of hybrid vehicles from customers' perspective. Among the different brands that are available in the hybrid vehicle market, smart customers have given priority to vehicle cost, mileage, tail pipe emission, comfortness and high tank size volume for long drive. Considering these attributes, selection strategy for hybrid vehicles has been developed using entropy based multi-attributive border approximation area comparison (MABAC) method. This research highlights the best hybrid vehicle which reduces air pollution in cities with other significant environmental benefits, reduces dependence on foreign energy imports and minimizes the annual fuel cost.
Introduction
The emission of greenhouse gas (GHG) such as CO2 (Carbon di-oxide) and other vehicle pollutants, is putting big challenge before the transportation sector. The Paris Agreement (November, 2016) settles the objective of controlling the increase in the global average temperature in this century well below 2 0 C above preindustrial levels and pursuing efforts to limit the temperature increase even further to 1.5 0 C (United Nations Framework Convention on Climate Change). Therefore, the problem of global warming can be controlled by introduction and promotion of hybrid vehicles which decrease the emission of exhaust gases into the environment. A hybrid vehicle uses two or more separate power supply such as conventional internal combustion engine with an electric propulsion system (Wirasingha & Emadi, 2011; Bradley & Frank, 2009; Morrow et al., 2008; Rahmanet al., 2016) . For the presence of electric power train, hybrid vehicles achieve better fuel economy than conventional vehicle. The parallel hybrid electric vehicles (HEVs) can improve fuel economy up to 40% with respect to conventional vehicle model (Ganji et al., 2010) . HEVs reduce the fuel consumption significantly, improve the standard driving cycle and decrease the emission from tail pipe (Al-Samari, 2017) . The dual power helps to maintain the most efficient energy consumption during all driving condition (city and highway) as the car is able to utilize the battery powered engine when driving at lower speed or in traffic, little or no fuel is needed during these conditions. Therefore HEVs produce 25% to 30% less of CO2 emission than regular cars, because it recharges the battery via conventional engine. To sustain into the future we need to optimize energy efficiency across the entire power transmission of vehicle. Kahn (2007) evaluates the performance of hybrid vehicle in respect of environmental quality. Being eco-friendly, the government of several countries offers some tax benefit or incentive to buy this kind of vehicle (Sallee, 2011) . Beresteanu and Li (2011) and Chandra et al. (2010) also find significant effects from gasoline prices and tax incentives on consumer hybrid purchase decision. The effects of local incentives, rising of fuel prices and state sales tax waivers are most strongly associated with hybrid vehicle adoption (Gallagher & Muehlegger, 2011 ). De Haan et al. (2006 use Swiss data on buyers of the Toyota Prius model to test for evidence of two rebound effects from its purchase. Hybrid buyers could have switched from already fuel efficient cars to the Prius, or average vehicle ownership could increase. Thus, the number of HEVs elevates quickly in automobile markets (Ganji et al., 2010) .
The market of hybrid vehicle has been increasing rapidly during the last decade. Therefore, it has become a decision making problem to the customers to choose the appropriate hybrid car considering several criteria which may be conflicting in nature. The selection of HEV becomes critical for the customer due to availability of many brands with variety of models and features. There are many multiple criteria decision making (MCDM) methods available for selection and ranking of the alternatives. This paper presents the application of multi attributive border approximation area comparison (MABAC) for the selection of hybrid car. This technique provides a basis for decision-making processes where there are limited numbers of choices but each has large number of attributes. In this paper, we consider five criteria which are car model cost, EPA rated combined fuel economy, tank size, tail pipe emission and passenger volume.
It is important to note that smart consumers do not always make their purchasing decisions using structured cost comparison methods, they are concern with new technologies that inherently increase the fuel efficiency and reducing dependence on foreign energy imports as well as achieving better air quality.
The aim of this paper is to choose the best alternative hybrid vehicle which can reduce foreign energy imports and give the green environment to the future. Here, Ford C max hybrid plug-in, Honda accord hybrid, Honda CR-Z hybrid CVT, Infinity Q70 hybrid, Lexus city hybrid 200 H, Toyota Camry hybrid LE, Toyota Prius, VW Jetta hybrid, Chevy Malibu hybrid have been chosen as alternatives for selection and ranking under passenger car category. These alternatives are coded as HEV1 to HEV9 respectively in the remaining part of this paper.
The paper is organized as follows: Section 2 describes application procedure of the proposed model used in the paper. Section 3 gives information about data and computation. A sensitivity analysis has been given in section 4. Section 5 summarizes the discussion. In the last section conclusion is given.
Research Design

Selection of evaluation criteria
In multi-criteria environment, performance of alternatives in absolute sense is very difficult to measure. A lot of criteria/factors/attributes exist that affect the performance. All nine HEVs which are chosen for comparison are similar enough to be compared. For the purpose of performance evaluation of hybrid vehicles five criteria namely, EPA rated combined fuel economy, tank size, tail pipe emission, passenger volume and vehicle cost have been chosen with the help of expert committee. A brief description of the criteria is presented in Table 1 .
Importance of criteria
The performance evaluation criteria mentioned above are conflicting in nature. Out of five criteria, first two and fourth i.e. EPA rated combined fuel economy, tank size and passenger volume are beneficial criteria, i.e. higher the better type. Remaining two are non-beneficial criteria. In this present research Entropy based technique has been used to determine the relative importance of the criteria. It is the quantity of exhaust gas coming out from the vehicle through tail pipe. It is expressed in terms of tons per hour. 4
Passenger volume (C4)
It indicates the space provided for passengers inside the car. More passenger volume means more seating areas. It is expressed in ft 3 . 5
Vehicle cost (C5) It is the selling price of vehicle. It is a big concern for customers.
The Proposed model
Multiple criteria decision making models are widely used for selecting and prioritizing the alternatives in a set. There are many methods to assess the relative importance of factors or criteria such as eigenvector method, weighted least square method, entropy method, and linear programming technique for multidimensional analysis of preference (LINMAP) (Hwang & Yoon 1981) . However, entropy and LINMAP methods are more suitable to be used when the data of the decision matrix is known. According to Milani et al. (2005) , entropy method offers faster solution compared with LINMAP. In this paper, we use Entropy to find out the weights of the evaluation criteria and multi-attributive border approximation area comparison (MABAC) method for performance evaluation (Pamucar & Cirovic, 2016) . The proposed performance model starts with the definition of decision matrix which has in general four components, such as: (i) alternatives (ii) criteria or attributes (iii) subjective weights or relative importance of each criteria and (iv) measure of performance of alternatives with respect to the criteria. The decision matrix can be expressed as follows: (1) where Ai represents the alternatives, i = 1,2, . . . ,m; Cj represents j th criterion or attribute, j = 1, 2,. . . , n, related to i th alternative. The subjective weight of the j th attribute is denoted by Wj and xij indicates the performance of each alternative Ai with respect to each criterion Cj.
Entropy method for assessing weight
In this research paper, we applied entropy method because it is highly reliable for information measurement and provide high accuracy in determination of weight of the feature attribute of the product. However, entropy method is more suitable to be used when the data of the decision matrix is known. The entropy formulation is shown in Eq. (2)
where,
and
where pij is a discrete probability distribution of the i th alternative with respect to the j th attribute. Constant k used to ensure that 0 ≤ ej≤ 1.
Degree of divergence, dj can be calculated as:
Final relative weights for jth attribute can be obtained by simple additive normalization:
MABAC method:
After obtaining the weight coefficients, the conditions are ready to introduce the mathematical formulation of the MABAC method. The basis of the MABAC method is seen in the definition of the distance of the criterion function of each alternative from the border approximation area. The next section shows the process of the MABAC method, consisting of 6 steps:
Step 1.Formation of the initial decision matrix X=[xij]mxn.
Step 2.Normalize the decision matrix as N=[nij]mxn.
The elements of the normalized matrix (N) are determined using the equation:
(a) For Benefit type criteria (a higher value of the criterion is preferable)
(b) For Cost type criteria (a lower value of the criterion is preferable) (x1, x2, . .. , xm) and is the minimum value of the observed criterion according to the alternatives.
Step3.Form weighted normalize decision matrix (V). The elements of the weighted normalized matrix (V) are calculated on the basis of the expression
Step 4.Determining the border approximation area matrix (G). The border approximation area (BAA) for each criterion is determined according to the following equation.
where, vij are the elements of the weighted normalized matrix (V), and m is the total number of alternatives. After calculating the value gi for each criterion, a border approximation area matrix
is formed with the format nx1 (n is the total number of criteria according to which the selection is made from the alternatives offered).
Step 5.Calculation of the distance of the alternative from the border approximation area for the matrix elements as follows,
The border approximation area (G) is dividing the entire approximation area into two halves as upper approximation area (G + ) and lower approximation area (G -). Alternative Ai may belong to the border approximation area (G) or either of the upper and lower approximation area based on following equation.
Any alternative Ai to be selected as the best in the set, it is necessary for it to have as many criteria as possible belonging to the upper approximate area (G + ). As for example, if alternative Ai has 6 criteria (out of a total of 7 criteria) belonging to the upper approximation area, and one criterion belonging to the lower approximate area (G -) it means that according to 6 criteria, the alternative is near or equal to the positive ideal alternative, while for one criterion it is near or equal to the negative ideal alternative. If the value qij> 0, that is qij ϵ G + , then alternative Ai is near or equal to the positive ideal alternative. If the value qij< 0, that is qij ϵ G -, it shows that alternative Ai is near or equal to the negative ideal alternative.
Step 6.Compute overall score of the alternatives using the following equation.
Rank the alternatives based on decending value of Si.
Application of the proposed model for hybrid vehicle selection
The proposed entropy-MABAC model for selection of vehicle consists of two basic stages: (i) determination of weight using entropy and (ii) ranking of alternatives using MABAC.
3.1Weights of criteria
In this work, the weights have been computed using an entropy methodology (Eq.2 to Eq. 6) as shown in Fig. 1 . The highest weight obtained is 0.3342 which corresponds to base model price and the lowest weight obtained for combined fuel economy which is 0.1406.
Fig. 1. Entropy based criteria weights.
Data and computation
For the purpose of performance evaluation and ranking of HEVs, nine US models namely Ford C max hybrid plugin, Honda accord hybrid, Honda CR-Z hybrid CVT, Infinity Q70 hybrid, Lexus city hybrid 200 H, Toyota Camry hybrid LE, Toyota Prius, VW Jetta hybrid, Chevy Malibu hybrid have been chosen as alternatives which are coded as HEV1 through HEV9. Their performance against selected criteria is shown in Table 2 . The elements of Table 2 have been collected from manufacturers' website.
Vehicle cost (1000$) 33%
EPA rated combined fuel economy 14% Passenger Volume 18%
Tail pipe emission 18%
Tank size 17% The elements of Table 2 are normalized using Eq. (7)- (8). The normalized decision matrix is shown in Table 3 . Then the weighted normalized matrix is computed for all the alternatives according to step 3 of MABAC method. The values are presented in Table 4 . By calculating geometric mean (Eq. 10), the border approximation area matrix is obtained and shown in Table 5 . Now the distance matrix is computed for all the alternatives according to the step 5 of MABAC method. The same is shown in Table 6 .Then the distance matrix is developed using Eq. (11). The values are presented in Table 6 . Lastly the overall score (Si) of alternatives are calculated using Eq.(12). Table7 exhibits Entropy-MABAC based performance score and relative rank of the alternatives. 
Discussion
Selection of appropriate HEV for the customer is an interactive task because of conflicting attributes. The hybrid model consisting of Entropy and MABAC has been proven to render an effective decision to evaluate HEV under requirement perspective of customer. This approach is fit for supporting the decision-makers due to the following benefits. The impact of the interactions between the attributes is considered in the Entropy method when determining the weights of the attributes (Fig.1) . Lastly, the MABAC method used to obtain the ranking of alternatives (Table 7) .
It is evident from decision matrix that HEV7 outperforms in respect of combined fuel economy in comparison to other alternatives. Good fuel economy is one of the indicators of most energy efficient car. This model achieve better fuel economy and have lower fuel cost than similar vehicles i.e. reduces the running cost of the vehicle. The performance of HEV3 and HEV4 is not significant in this criterion. Another important criterion is engine emission which ultimately increases the global warming. In this respect, HEV7 possesses 2.8 tons per year emission whereas HEV4 is having 5.1 tons per year. The starting price of HEV7 is fairly low compare to HEV4 or HEV5. Therefore, in all respect HEV7 is performing best. However, it is also observed in sensitivity plot (Fig.2 ) that this vehicle holds first rank almost all the cases. For anyone looking at a low cost HEV, the HEV7 should be best for given attribute.
Fig. 2. Sensitivity plot
Conclusion
The proposed model for hybrid electric vehicles selection has dealt with finding of the best HEV among available alternatives in passenger car segment. After checking the various process parameters under different circumstances, it has observed that the proposed model is simple to use and easy to understand. Also, the computational time requirement is less and the stability of result obtained is high. Finally, a sensitivity analysis has shown to confirm the robustness of the ranking and further support the decision when selecting the final result. As the proposed Entropy-MABAC model is robust, the number of alternatives and evaluation criteria in the decision matrix can be increased to get a more effective decision. This study can be extended for similar exercises in commercial vehicle, sports utility vehicle, multi utility vehicle segments. As the proposed model is generic in nature, it can be used for performance evaluation and ranking in other sectors of the society at large.
